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PREFACE 

The  work  reported  herein  was  conducted  by  the  Arnold  Engineering  Development 
Center  (AEDC),  Air  Force  Systems  Command  (AFSC),  at  the  request  of  the  Air  Force 
Armament  Laboratory  (AFATL),  under  Program  Element  62602F,  Project  2567.  The 
monitor  of  the  project  was  Capt.  Visi  Ar^s,  AFATL  (DLFC).  The  results  were  obtained 
by  ARO,  Inc.  (a  subsidiary  of  Sverdrup  &  Parcel  and  Associates,  Inc.),  contract  operator 
of  AEDC,  (AFSC),  Arnold  Air  Force  Station,  Tennessee.  The  work  was  done  under  ARO 
Project  Numbers  PF219,  PF419,  and  P32A-35A.  The  author  of  this  report  was  R.  E. 
Dix,  ARO,  Inc.  Analysis  of  the  data  was  completed  in  June  1975,  and  the  manuscript 
(ARO  Control  No.  ARO-PWT-TR-75-95)  was  submitted  for  publication  on  Jime  26, 1975. 
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1.0  INTRODUCTION 

A  large  and  varied  assortment  of  engines,  fuel  tanks,  mission  assistance  pods,  and 
weapons  can  be  stored  aboard  contemporary  aircraft.  In  many  cases,  these  stores  are 
attached  to  the  exterior  of  the  carrier,  or  parent  aircraft.  Therefore,  prior  to  routine  flight 
operations,  it  is  necessary  to  evaluate  the  aerodynamic  and  functional  compatibility  of 
a  specified  aircraft-store  configuation.  Two  questions  of  compatibility  that  must  be 
answered  are:  (1)  can  the  aircraft  be  flown  safely  with  the  captive  store,  and  (2)  can 
the  store  be  separated  safely  from  the  aircraft  during  flight?  Answers  to  these  questions 
are  customarily  based  on  data  acquired  during  tests  of  appropriate  models  in  wind  tunnels. 
As  part  of  the  answer  to  the  first  question,  aerodynamic  loads  acting  on  the  store  in 
the  captive  position  must  be  measured  over  an  appropriate  range  of  parameters  describing 
both  the  physical  configuration  and  the  flight  regime.  In  the  majority  of  wind  tunnel 
tests,  captive  loads  are  measured  using  conventional  "force"  test  techniques.  The  reactions 
of  a  strain-gage  balance  mounted  within  the  store  to  the  actions  of  the  store  under  the 
influence  of  the  flow  field  are  monitored  as  a  measure  of  the  aerodynamic  forces  acting 
on  the  store.  Several  "techniques"  of  supporting  a  store  in  the  captive  position  have  been 
used,  but  all  of  these  techniques  may  be  classified  as  applications  of  one  of  two  "methods," 
either  the  internal  balance  support  method,  or  the  dual  support  method,  as  illustrated 
in  Fig.  1,  and  discussed  in  Ref.  1. 

To  aid  in  answering  the  second  question,  the  captive  trajectory  system  (CTS),  a 
dual-support  technique,  has  been  developed.  Using  the  CTS,  a  store  can  be  moved  in  six 
degrees  of  freedom  with  respect  to  the  aircraft.  Electrical  signals  commanding  movements 
of  the  store  result  from  calculations  performed  by  a  digital  computer.  Input  information 
for  the  computer  consists  of  measurements  of  parameters  describing  the  flow  and  the 
output  signals  from  the  strain-gage  balance  mounted  within  the  store.  A  diagram  of  the 
CTS  is  provided  in  Fig.  2.  A  more  detailed  discussion  of  the  CTS  is  available  in  Ref. 
2. 


An  interest  in  identifying  and  evaluating  the  effects  of  using  either  of  the  above 
methods  to  support  the  store  in  the  captive  position  led  to  the  study  described  herein. 
It  was  recognized  that  when  a  store  was  supported  in  the  captive  position  using  the 
internal-support  method,  the  resulting  configuration  would  be  firmly  held  at  the  correct 
distance  from  the  aircraft,  and  with  no  alteration  of  the  afterbody.  The  sole  distortion 
of  the  correct  configuration  would  be  the  bracket  protruding  through  the  upper  surface 
of  the  store  body.  It  was  also  clear  that,  when  using  the  dual-support  method,  alteration 
of  the  afterbody  of  many  stores  was  required  to  accommodate  the  sting,  and  an  unrealistic 
gap  was  maintained  between  the  two  sting-supported  bodies  to  prevent  physical  contact 
during  testing. 
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A  series  of  wind  tunnel  tests  has  been  conducted  in  an  effort  to  evaluate  all  of 
the  above  effects  for  eight  stores  carried  by  a  typical  contemporary  fighter  aircraft.  Only 
the  effects  of  the  presence  of  a  sting  and  of  altering  the  shape  of  the  afterbody  are  presented 
herein. 


2.0  EXPERIMENTAL  APPARATUS 

2.1  TEST  FACILITY 

Tests  were  conducted  in  the  Aerodynamic  Wind  Tunnel  (4T)  of  the  Propulsion  Wind 
Tunnel  Facility,  a  closed-circuit  design  in  which  continuous  flow  can  be  maintained  at 
various  density  settings.  Mach  number  in  the  free  stream  can  be  set  at  any  value  from 
0.2  to  1.3.  Nozzle  blocks  can  be  installed  to  provide  discrete  Mach  numbers  of  1.6  and 
2.0.  Stagnation  pressure  can  be  established  at  values  from  300  to  3,700  psfa.  The  test 
section  is  4  ft  square,  12.5  ft  long,  and  is  equipped  with  perforated  walls  that  can  be 
adjusted  by  remote  control  to  provide  a  porosity  in  the  nominal  range  of  from  zero  to 
ten-percent  open  area.  A  desired  fraction  of  the  flow  through  the  test  section  can  be 
evacuated  through  the  porous  walls  into  a  plenum  chamber  in  which  the  test  section  is 
completely  enclosed. 

Models  are  supported  in  the  test  section  with  a  conventional  strut-sting  system.  A 
model  can  be  pitched  from  approximately  -12  to  28  deg  with  respect  to  the  centerline 
of  the  tunnel.  A  capability  of  rolling  a  model  from  -180  to  180  deg  about  the  centerline 
of  the  sting  is  also  available.  An  illustration  of  a  typical  model  installed  for  testing  using 
the  CTS  is  presented  in  Fig.  3. 


2.2  MODELS 
2.2.1  Aircraft 

Data  were  obtained  for  realistic  aircraft  and  store  configurations  rather  than  for  highly 
simplified  and  idealized  wing-body  shapes.  The  F-4C  was  selected  as  parent  aircraft  (Fig. 

4) .  A  primary  reason  for  the  selection  was  the  capability  of  the  F-4C  to  carry  both 
pylon-mounted  and  rack-mounted  stores.  ("Pylon-mounted"  stores  include  rather  large 
stores.  In  flight,  only  one  of  these  stores  is  normally  mounted  on  a  pylon.  "Rack-mounted" 
stores  include  rather  small  stores,  several  of  which  can  be  carried  on  a  pylon  through 
the  use  of  either  a  triple  ejector  rack  (TER),  or  a  multiple  ejector  rack  (MER),  (Fig. 

5) ).  Several  other  specific  factors  also  influenced  the  selection:  (1)  the  F-4C  is  a  low-wing 
configuration  and,  as  such,  the  flow  field  in  the  vicinity  of  the  stores  is  uncomplicated 
by  sidewash  from  the  fuselage;  (2)  an  extensive  collection  of  data  was  available  from 
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previous  flow-field  and  store  separation  tests  using  the  F-4C;  and  (3)  a  model  of  suitable 
scale  was  available. 

For  the  tests  involving  pylon-mounted  stores,  the  right-wing  pylons  were  omitted, 
but  the  centerline  (C-L),  left  inboard  (LIB),  and  left  outboard  (LOB)  pylons  were  always 
installed.  During  the  tests  involving  rack-mounted  stores,  the  right  inboard  and  right 
outboard  pylons  were  also  installed.  Pylon-moimted  store  models  were  tested  on  only 
one  pylon  at  a  time,  with  other  pylons  empty.  Rack-mounted  store  models  were  tested 
on  only  one  specified  rack,  mounted  on  only  one  specified  pylon  at  a  time,  with  other 
pylons  empty.  On  the  rack,  however,  the  store  model  with  the  internal  balance  was  moved 
from  station  to  station  in  a  realistic  release  sequence.  All  other  appropriate  rack  stations 
were  fitted  with  dummy  (empty)  models  of  the  store  configuration.  An  example  of  MER 
loading  would  be  as  follows:  with  the  balance-supported  store  model  on  MER  station 
4  (see  Fig.  6  for  rack  station  numbers),  stations  1 ,  2,  and  3  would  be  empty,  and  dummy 
models  would  be  mounted  on  stations  S  and  6.  When  testing  models  on  the  TER,  only 
stations  2  and  3  were  used;  station  1  was  always  empty.  A  dummy  model  was  always 
installed  on  the  TER  station  opposite  the  station  on  which  the  balance-supported  model 
was  installed. 

Additional  details  of  the  pylons  are  presented  in  Fig.  7.  Throughout  all  tests,  the 
tail  surfaces  of  the  F-4C  model  were  omitted.  Airflow  was  allowed  through  the  simulated 
engine  ducts  with  cruise-configuration  exhaust  ports  installed. 

2.2.2  Stores 

During  the  process  of  selecting  store  configurations  for  the  investigation,  stores  were 
classified  first  as  either  pylon-mounted  or  rack-mounted,  as  defined  in  Section  2.2.1.  Within 
these  two  categories,  stores  were  further  classified  as  either  stable  or  unstable.  Further, 
two  stores  were  selected  from  each  of  these  -four  subcategories,  one  with  a  blunted-base 
design  that  would  accommodate  a  sting  without  alteration  of  the  afterbody,  and  one  with 
an  afterbody  shape  that  would  require  significant  alteration  to  allow  insertion  of  a  sting. 
Hence,  eight  stores  were  tested  during  the  investigation. 

Pylon-mounted  stores  included  the  unstable  Black  Crow  gun  pod,  the  stable  Hard 
Structure  Munition  (HSM),  the  unstable  BLU-1  bomb,  and  the  stable  M-118  bomb,  all 
depicted  in  Fig.  8.  Rack-mounted  stores  included  the  unstable  All-Altitude  Spin-Projected 
dispenser  (ASP),  the  stable  CBU-24  bomb,  the  unstable  CBU-46  (SUU-7)  launcher  pod, 
and  the  stable  MK-83  bomb,  all  depicted  in  Fig.  9.  Dimensions  of  the  store  models  are 
presented  in  Table  1. 
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2.23  Internal  Balance  Support  (IBS)  Brackets 

Store  models  on  which  aerodynamic  loads  were  being  measured  were  securely  fastened 
to  one  end  of  a  six-component  strain-gage  balance.  The  other  end  of  the  balance  was 
firmly  supported  through  use  of  a  rigid  bracket  protruding  through  the  upper  surface 
of  the  store  model  and  tightly  attached  to  the  appropriate  pylon  or  rack.  To  allow 
unrestricted  reaction  of  the  store  model  (hence  the  balance)  to  aerodynamic  loading,  the 
opening  in  the  upper  surface  of  the  store  model  through  which  the  bracket  protruded 
was  made  large  enough  to  ensure  a  clearance  of  at  least  0.050  in.  around  the  bracket. 
A  drawing  of  a  typical  installation  is  presented  in  Fig.  10.  The  base  of  each  bracket-mounted 
store  model  was  either  fabricated  as  solid,  or  later  filled  in  with  a  plug  to  prevent  flow 
through  the  interior  of  the  store  model  and  past  the  balance. 

2.2.4  Stings 

Two  sets  of  dummy  stings  were  used,  one  set  for  each  of  the  fundamental  categories 
of  stores  identified,  i.e.,  pylon-mounted  and  rack-mounted.  For  the  larger,  pylon-mounted 
stores,  three  stings  were  used;  one  of  0.4-in.  diam,  one  of  0.5-in.  diam,  and  one  of  0.6-in. 
diam.  For  the  smaller,  rack-mounted  stores,  three  stings  were  also  used,  but  only  ofO.25-, 
0.325-,  and  0.40-in.  diam,  respectively.  These  stings  represented  typical  sizes  used  with 
the  selected  (or  similar)  store  models.  No  attempt  was  intended  to  repeat,  in  detail,  other 
investigations  of  sting  effects,  e.g..  Refs.  3  and  4.  Instead,  to  determine  the  effects  of 
just  the  presence  of  a  sting,  the  above  limited  but  practical  range  of  values  of  sting  diameter 
was  adopted.  As  a  result,  the  constant  diameter  of  any  sting  was,  in  all  cases,  0.31  to 
0.67  of  the  maximum  diameter  of  any  store  model  with  which  it  was  tested  (or, 
correspondingly,  0.31  to  0.92  of  the  base  diameter,  see  Table  1). 

Location  of  the  conical  "flare"  of  the  sting  was  likewise  not  a  basic  parameter  of 
the  study.  Following  the  recommendations  made  in  Ref.  4,  the  flare  was  located  at  least 
five  base  diameters  downstream  of  the  base  of  any  store  (actually  5.1  to  12.3  base 
diameters).  Dimensions  of  the  stings  are  presented  in  Fig.  11. 

A  structural  support  for  the  dummy  stings  was  mounted  on  the  sting  supporting 
the  parent  aircraft  as  depicted  in  Fig.  12.  Adjustment  of  both  the  position  and  the  attitude 
of  a  dummy  sting  was  possible  for  six  degrees  of  freedom:  streamwise,  lateral,  and  vertical 
translations,  and  pitch,  yaw,  and  roll  angular  deflections,  even  though  roll  was  superfluous. 
To  assure  isolation  of  the  effect  of  the  presence  of  the  sting,  the  supporting  structure 
remained  in  position  throughout  the  tests,  with  just  the  dummy  sting  removed  for  the 
"no-sting"  configurations.  A  considerable  amount  of  test  time  was  saved  by  having  the 
dummy  sting  support  attached  to  the  parent-aircraft  sting,  since  changes  in  attitude  of 
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the  dummy  sting  duplicated  (and  were  simultaneous  with)  changes  in  attitude  of  the  parent 
aircraft.  A  comparison  of  an  actual  sting-mounted  configuration  with  the  corresponding 
dummy  sting  installation  is  presented  in  Fig.  13. 

2.3  INSTRUMENTATION 

Conventional  strain-gage  balances  were  used  to  sense  the  aerodynamic  forces  acting 
on  the  store  models.  Six  components  of  forces  and  moments  were  resolved,  as  described 
in  Section  3.3. 

The  gravimetric  angle  of  attack  of  the  F-4C  aircraft  model  was  sensed  with  an 
oil-damped  pendulum  fitted  with  strain  gages  and  mounted  in  the  aircraft  model.  Using 
the  internal  sensor  for  setting  and  recording  the  angle  of  attack  of  the  aircraft  model 
rather  than  the  purely  mechanical  indication  associated  with  the  standard  tunnel  pitch 
sector,  it  was  unnecessary  to  separately  account  for  deflections  of  the  aircraft  model-sting 
combination. 


3.0  DESCRIPTION  OF  TESTS 
3.1  FLOW  CONDITIONS  AND  TEST  PROCEDURES 

Aerodynamic  forces  and  moments  acting  on  the  captive,  bracket-mounted  store  models 
were  measured  at  nominal  free-stream  Mach  numbers  of  0.6,  0.8,  0.9,  1.1,  and  1.2  for 
pylon-mounted  stores  and  0.6,  0.9,  1.1,  and  1.2  for  rack-mounted  stores.  Reynolds  number 
was  maintained  at  approximately  3.S  x  10^  per  foot  throughout  the  tests.  Porosity  of 
the  test  section  walls  was  varied  in  "  manner  determined  through  previous  calibration 
studies  in  the  tunnel  to  minimize  wall  interference  and  buoyancy  effects  (Refs.  5  and 
6). 


During  a  typical  run,  after  establishing  test  conditions,  data  were  recorded  while  the 
angle  of  attack  of  the  aircraft  model  was  varied  from  -4  to  12  deg  in  discrete  1-  or  2-deg 
increments.  After  all  aircraft  attitudes  had  been  set,  a  new  value  of  Mach  number  was 
established,  and  the  sequence  of  angles  of  attack  was  repeated. 

3.2  CORRECTIONS 

As  stated  in  Section  2.3,  the  attitude  of  the  aircraft  model  was  set  using  a 
gravity-sensing  device  mounted  in  the  model.  Therefore,  no  correction  was  necessary  for 
deflections  of  the  aircraft  model  with  respect  to  the  sting,  or  deflections  of  the  sting 
with  respect  to  the  pitching  sector.  For  the  balances  used  inside  the  store  models, 
calibrations  of  the  deflections  of  the  mounting  point  of  the  store  as  a  function  of  impressed 
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load  were  used  to  identify  contributions  of  balance  flexibility  to  the  attitude  of  the  store 
model.  The  calibration  data  were  used  in  the  data  reduction  equations  to  derive  the  correct 
gravimetric  attitude  of  the  store  model.  (It  is  prudent  to  recall  here  that  all  store  models 
were  installed  with  a  1-deg  nose-down  attitude  with  respect  to  the  waterline  of  the  aircraft 
model,  see  Fig.  7.)  No  corrections  were  made  in  either  aircraft  or  store  model  attitude 
to  account  for  flow  angularity  in  the  free  stream. 

3.3  PRECISION  OF  MEASUREMENTS 

Uncertainty  intervals  (including  95  percent  of  the  calibration  data)  for  the  basic  flow 
parameters,  i.e.,  pt  and  M^,  were  estimated  from  both  repeat  calibrations  of  the 
instrumentation  and  the  repeatability  and  uniformity  of  the  free-stream  flow  in  the  test 
section  during  tunnel  calibration.  Uncertainty  intervals  for  the  instrumentation  systems 
were  estimated  from  repeated  calibrations  of  the  systems  using  secondary  standards  with 
accuracies  traceable  to  the  National  Bureau  of  Standards.  Uncertainty  intervals  for  values 
of  forces  and  moments  derived  from  the  output  of  the  balance  gages  were  determined 
from  a  root-mean-square  analysis  of  the  calibration  data  for  the  balance.  Values  of  the 
above  uncertainties  were  combined  using  the  Taylor  series  method  of  error  propagation 
to  determine  the  precision  of  the  force  and  moment  coefflcients.  Values  of  the  uncertainty 
intervals  for  the  force  and  moment  coefficients  for  all  models  tested  are  presented  in 
Table  2. 

For  all  flow  conditions,  the  uncertainty  interval  for  gravimetric  angle  of  attack  was 
±0.1  deg.  However,  two  imcertainty  intervals  must  be  cited  for  Mach  number.  First,  the 
uncertainty  in  setting  Mach  number  was  ±0.002,  reflecting  instrumentation  capabilities. 
Second,  there  was  the  uncertainty  in  Mach  number  in  the  free  stream,  attributable  to  non- 
uniform  flow.  Values  of  the  resultant  uncertainty  interval  for  Mach  number  are  presented 
below: 

Nominal  M^  Uncertainty  Interval  for  M^ 


0.6 

±0.005 

0.8 

±0.005 

0.9 

±0.003 

1.1 

±0.006 

1.2 

±0.010 

4.0  DISCUSSION  OF  RESULTS 

Even  though  the  size,  shape,  and  salient  design  features  of  both  aircraft  and  store 
models  were  correctly  scaled,  the  store  models  were  mounted  on  the  aircraft  model  in 
positions  that  may  not  correspond  to  accepted  flight  practice.  For  instance,  pylon  and 
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rack  installations  were  certainly  not  realistic,  since  the  aircraft  model  was  loaded 
asymmetrically.  Further,  during  tests  of  pylon-mounted  store  models,  an  excessive  gap 
was  maintained  between  store  models  and  pylons  (2.5  in.  full  scale),  while  throughout 
the  tests  of  rack-mounted  store  models  the  gap  was  varied  slightly  from  store  to  store. 
Equivalent  full-scale  gaps  were  0.8  in.  for  the  ASP  and  CBU-24  stores,  1.0  in.  for  the 
CBU-46  (SUU-7)  store,  and  1.8  in.  for  the  MK-83  bomb.  These  gaps  were  maintained 
throughout  the  tests.  To  assure  valid  intercomparisons  of  test  results,  the  dummy  sting 
supporting  structure  (Section  2.2.4)  remained  in  place  for  all  tests;  for  no-sting 
configurations,  only  the  dummy  sting  was  removed. 

The  test  data  are  presented  in  an  increment  format,  i.e.,  the  effects  on  loads 
attributable  to  an  isolated  change  in  configuration  are  presented  as  differences  between 
the  altered  configuration  and  the  unaltered  configuration. 

4.1  PRESENCE  OF  A  STING 

4.1.1  Pylon-Mounted  Store  Configurations 

The  isolated  effects  of  simply  the  presence  of  a  sting  were  investigated  by  testing 
store  configurations  with  afterbodies  that  require  no  alteration  for  mounting  on  a  sting. 
By  testing  such  a  configuation  both  with  and  without  a  dummy  sting,  the  increment  in 
aerodynamic  loading  of  the  store  model  attributable  to  the  presence  of  the  sting  was 
determined.  Although  the  study  included  only  two  pylon-mounted  store  configurations 
with  afterbodies  requiring  no  alteration  for  mounting  on  a  sting,  viz.,  the  unstable  Black 
Crow  and  the  stable  HSM,  data  definitive  of  the  presence  of  a  sting  were  also  gleaned 
from  tests  of  the  two  pylon-mounted  store  configurations  that  do  require  alteration  of 
the  afterbody  for  sting  mounting,  i.e.,  the  BLU-1  and  the  M-1 18.  These  two  configurations 
were  considered  to  be  simply  "other”  store  configurations  but  were  tested  on  only  the 
left  inboard  pylon.  The  Black  Crow  and  HSM  configurations  were  tested  on  the  centerline, 
left  inboard,  and  left  outboard  pylons. 

4. 1.1.1  Influence  of  Angle  of  Attack 

For  the  unstable  stores,  increments  in  the  force  and  moment  coefficients  attributable 
to  the  presence  of  a  sting  are  presented  as  functions  of  angle  of  attack  of  the  store  model 
in  Figs.  14  through  16.  In  the  case  of  the  blunted-base  Black  Crow,  the  sting  effect  is 
virtually  insensitive  to  angle  of  attack,  except  for  pitching  and  yawing  moments  when 
mounted  on  the  left  inboard  pylon.  Figs.  ISe  and  15f,  respectively.  Since  the  normal- 
and  side-force  effects  are  not  sensitive  to  angle  of  attack,  the  observed  dependency  for 
the  moment  effects  must  be  attributable  to  a  change  in  the  pressure  distribution  over 
the  store  model.  Furthermore,  since  the  moment  increments  appear  to  be  sensitive  to 
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angle  of  attack  only  for  subsonic  Mach  numbers,  it  is  likely  that  the  presence  of  the 
sting  causes  changes  in  the  flow  pattern  in  the  base  region  that  are  transmitted  forward 
through  the  boundary  layer,  thereby  causing  adjustments  in  the  pressure  distribution  over 
the  store  model.  Similar,  but  less  severe,  influences  were  observed  when  the  store  model 
was  mounted  on  the  left  outboard  pylon,  Figs.  16e  and  16f,  but  not  at  all  on  the  centerline 
pylon.  It  is  possible  that  in  the  compound  vertical-sidewash  flow  field  surrounding  the 
inboard  and  outboard  pylons,  the  dummy  sting  deflected  out  of  alignment  with  the  axis 
of  the  store  model  as  a  function  of  angle  of  attack,  thereby  causing  more  disturbance 
of  the  flow  at  the  base  of  the  store  than  would  result  with  a  perfectly  aligned  (and 
nondeflecting)  sting.  Deflections  of  the  dummy  sting  were  observed  in  several  cases, 
prompting  an  ancillary  investigation  of  one  such  configuration  (see  Appendix  A). 

Sting  effect  increments  for  the  stable  store  configurations  are  presented  in  Figs.  17 
through  19.  For  the  blunted-base  HSM,  the  sting  effect  on  normal,  side,  and  axial  forces 
is  not  a  function  of  angle  of  attack  (Figs.  17a,  b,  and  c;  18a,  b,  and  c;  and  19a,  b, 
and  c).  Both  pitching-  and  yawing-moment  increments,  however,  vary  with  angle  of  attack 
at  all  pylon  stations,  primarily  at  the  supersonic  Mach  numbers  (Figs.  17e  and  f;  18e 
and  f;  and  19e  and  f).  In  these  cases,  shock  systems  associated  with  adjacent  pylons  could 
be  impinging  on  the  store  model.  By  comparing  Figs.  14a,  15a,  and  16a  with  17a,  18a 
and  19a,  respectively,  it  is  noted  that,  in  general,  the  sting  effect  on  normal  force  is 
less  a  function  of  angle  of  attack  for  the  stable  store  configurations  than  for  the  unstable 
store  configurations.  Conversely,  the  sting  effect  on  pitching  and  yawing  moments  is  more 
a  function  of  angle  of  attack  for  the  stable  store  configurations  than  for  the  unstable 
store  configurations  (cf.  Figs.  14e  and  f,  15e  and  f,  and  16e  and  f  with  Figs.  17e  and 
f,  18e  and  f,  and  19e  and  f,  respectively).  These  observations  indicate  a  dominant  influence 
on  the  aerodynamic  loading  of  a  store  of  the  presence  of  stabilizing  surfaces  in  the 
afterbody  region  despite  the  presence  of  a  sting. 

In  general,  data  acquired  using  a  small  sting  (Dg  <  0.5  Db)  include  effects  not  only 
smaller  in  magnitude,  but  also  less  sensitive  to  angle  of  attack  than  data  acquired  using  a 
large  sting.  Further,  from  Figs.  14d,  15d,  16d,  17d,  18d,  and  19d  it  is  clear  that  rolling 
moment  is  insensitive  to  the  presence  of  sting. 

4.1. 1.2  Influence  of  Position  in  the  Flow  Field 

In  Figs.  20  and  21,  the  increments  in  captive  loads  attributable  to  the  presence  of 
a  sting  are  presented  as  a  function  of  pylon  position  in  the  flow  field.  Only  data  for 
zero  angle  of  attack  of  the  store  model  are  presented.  It  should  be  noted  that  changing 
pylon  position  involves  both  a  spanwise  and  a  chordwise  shift  in  position  of  the  store 
as  indicated  in  Fig.  4. 
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For  the  unstable  store  models  (Fig.  20),  the  effect  of  the  presence  of  a  sting  on 
normal  force,  pitching  moment,  and  yawing  moment  varied  substantially  with  position 
in  the  flow  field.  The  effects  generally  become  more  severe  as  the  store  model  is  moved 
from  the  centerline  position  (where  a  laterally  symmetrical  flow  field  exists)  to  the  inboard 
and  outboard  positions  (where  there  is  substantial  sidewash  in  addition  to  the  up  or 
downwash.  Ref.  7).  Since  the  pitching-  and  yawing-moment  increments  vary  substantially 
with  position  in  the  flow  field,  but  the  force  increments  remain  essentially  constant,  it 
is  again  deduced  that-  the  primary  influence  of  the  presence  of  the  sting  is  to  alter  the 
pressure  distribution  over  the  store. 

Far  less  effect  of  position  is  evident  for  the  stable  stores.  Fig.  21.  As  in  the  case 
of  the  unstable  stores,  pitching-  and  yawing-moment  increments  are  the  most  dependent 
on  position;  however,  it  is  also  important  to  note  that  the  increments  are,  in  nearly  all 
cases,  within  the  precision  of  the  measurement.  Nevertheless,  the  sting  effect  is  clearly 
very  significant  at  the  outboard  pylon  position,  where  both  magnitude  and  sign  of  the 
normal-force,  pitching-moment,  side-force,  and  yawing-moment  increments  depend  on  the 
diameter  of  the  sting.  The  critical  dependency  is  probably  attributable  to  the  presence 
of  severe  upwash  in  the  vicinity  of  the  plane  of  the  base  of  the  store  model,  just  at 
the  location  of  the  face  of  the  dummy  sting  .(Ref-  7).  A  strong  upwash  at  the  face  of 
the  sting  could  cause  a  deflection  of  the  sting  toward  the  aircraft,  creating  an  increase 
in  pressure  over  the  extreme  after  portion  of  the  upper  surface  of  the  store  model.  An 
increase  in  positive  pitching  moment  would  follow,  explaining  the  increase  in 
pitching-moment  increment  noted  in  Fig.  21e.  Since  the  flow  field  in  which  a  store  is 
carried  is  clearly  determined  by  the  configuration  of  both  the  parent  aircraft  and  the 
store,  it  is  not  possible  to  predict  that  similar  trends  in  sting  effects  will  occur  for  other 
stores  and/or  other  aircraft. 

4.1 .1.3  Effect  of  Mach  Number 

Variation  of  the  sting  effect  increments  with  Mach  number  is  shown  in  Figs.  22 
and  23.  Only  data  for  zero  angle  of  attack  of  the  store  model  are  presented.  For  both 
unstable  and  stable  store  configurations,  it  is  apparent  that  the  sting  effect  generally 
decreases  with  Mach  number  for  all  load  components  on  the  centerline  and  outboard 
pylons.  On  the  inboard  pylon,  however,  while  there  is  no  strong  effect  of  Mach  number, 
the  absolute  value  of  the  sting  increment  tends  to  decrease  with  increasing  Mach  number 
for  all  load  components  except  pitching  and  yawing  moments.  During  the  test  series,  there 
were  adjacent,  empty  pylons  installed  on  only  one  side  of  either  the  centerline  or  outboard 
pylons  but  on  both  sides  of  the  inboard  pylon.  Bow  shocks  forming  at  the  leading  edge 
of  the  empty  pylons  would  intersect  a  store  model  on  the  inboard  pylon  from  both  sides, 
but  store  models  mounted  on  either  of  the  other  two  pylons  could  receive  interference 


17 


AEDC-TR-76-1 


from  shocks  on  only  one  side  (Fig.  4).  It  is  even  conceivable  that  a  shock  from  the  leading 
edge  of  the  outboard  pylon  could  intersect  only  the  dummy  sting  downstream  of  the 
inboard  store  model,  causing  a  misalignment  of  the  sting,  with  concomitant  distortion 
of  the  pressure  distribution  on  the  captive  store  model.  The  variations  in  pitching-  and 
yawing-moment  increments  at  supersonic  Mach  numbers  might  be  explained  in  this  manner. 

At  subsonic  conditions,  the  stronger  effects  of  the  presence  of  a  sting  are  probably 
attributable  to  transmittal  throughout  the  flow  field  of  the  changes  in  the  wake  repon. 
Throughout  the  range  of  Mach  number  for  the  tests,  however,  it  is  clear  that  the  sting 
effect  is  only  slightly  a  function  of  Mach  number,  generally  decreasing  with  increasing 
Mach  number. 

4.1.2  Rack-Mounted  Store  Configurations 

As  in  the  case  of  pylon-mounted  store  configurations,  the  study  included  two 
configurations  with  bases  large  enough  to  allow  unaltered  mounting  on  a  sting,  viz.,  the 
unstable  ASP,  and  the  stable  CBU-24.  However,  data  were  acquired  for  two  other  stores 
with  altered  afterbody  shapes,  the  unstable  CBU-46  and  the  stable  MK-83,  by  simply 
considering  the  altered  configurations  to  be  other  store  configurations.  The  ASP  and 
CBU-24  models  were  tested  on  stations  2  through  4  of  the  MER-lOA  ejector  rack  and 
on  both  the  centerline  and  left  outboard  pylons.  The  CBU-46  and  MK-83  models  were 
tested  on  stations  2  and  3  of  the  TER-9A  ejector  rack,  left  inboard  pylon. 

4.1. 2.1  Influence  of  Angle  of  Attack 

Increments  in  the  force  and  moment  coefficients  attributable  to  the  presence  of  a 
sting  are  presented  in  Figs.  24  through  41  as  functions  of  the  angle  of  attack  of  the 
store  model.  Sting  effect  increments  for  the  blunted-base  ASP  are  essentially  independent 
of  angle  of  attack  on  all  MER  stations,  on  both  the  centerline  and  outboard  pylons  (Figs. 
24  through  31).  In  only  a  few  unrelated  cases  the  axial-force  increment  and  the  pitching- 
and  yawing-moment  increments  indicate  a  substantial  sensitivity  to  angle  of  attack  (Figs. 
24c,  25e,  26f,  27e,  28c,  28e,  29f,  and  310-  In  these  instances,  it  is  possible  that  the 
dummy  sting  deflected  in  a  manner  similar  to  that  discussed  in  Section  4. 1.1.1.  Just  as 
for  the  pylon-mounted  stores,  relatively  small  changes  in  normal  and  side  forces  coincide 
with  disproportionately  large  changes  in  pitching  and  yawing  moments,  indicating  that 
the  presence  of  a  sting  affects  primarily  the  pressure  distribution  over  the  aft  portion 
of  the  store  model.  For  a  given  pylon,  the  sting  effect  increments  for  rack-mounted  unstable 
store  configurations  at  subsonic  Mach  number  are  different  from  those  of  pylon-mounted 
unstable  store  configurations  (cf.  Figs.  25  and  29  with  Figs.  14  and  16).  This  is  a  credible 
result  in  view  of  the  completely  different  physical  environment  associated  with  a  cluster 
of  bodies  as  opposed  to  a  single  large  body.  Clearly,  the  detailed  characteristics  of  the 
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sting  effect  depend  intimately  upon  the  characteristics  of  the  local  flow  field.  In  supersonic 
flow,  however,  sting  effects  for  both  pylon-mounted  and  rack-mounted  store  configurations 
are  virtually  independent  of  angle  of  attack. 

Supplementary  data  are  available  from  tests  of  the  CBU-46  configuration  on  TER 
stations  2  and  3  on  the  left  inboard  pylon  (Fig.  32).  It  is  apparent  that  the  effect  of 
the  presence  of  a  sting  is  almost  completely  independent  of  angle  of  attack.  In  fact,  there 
is  almost  no  effect  at  all  of  the  presence  of  a  sting.  Similar  results  were  obtained  for 
the  pylon-mounted  unstable  store  configurations  on  the  left  inboard  pylon  (cf.  Fig.  32 
with  Fig.  15). 

Sting  effect  increments  for  the  two  stable  rack-mounted  store's,  i.e.,  the  CBU-24  and 
the  MK-83,  are  presented  in  Figs.  33  through  41.  These  data  reflect  somewhat  greater 
sensitivity  of  the  sting  effect  to  angle  of  attack  than  corresponding  data  for  the  unstable 
configurations.  Since  the  afterbody  of  the  CBU-24  store  is  tapered  as  well  as  finned,  and 
since  even  the  smallest  sting  diameter  is  such  a  large  fraction  of  the  base  diameter,  any 
misalignment  of  the  dummy  sting  would  exert  a  strong  influence  on  the  flow  in  the 
afterbody  region.  By  comparing  normal-  and  side-force  increments  with  corresponding 
pitching-  and  yawing-moment  increments  (the  (a)  and  (b)  portions  with  the  (e)  and  (f) 
portions,  respectively,  of  Figs.  32  through  40),  it  again  appears  that  the  primary  effect 
of  the  presence  of  the  sting  is  on  the  pressure  distribution  over  the  afterbody  of  the 
store  model.  For  example,  in  Figs.  35  and  36  a  deflection  or  misalignment  of  the 
large-diameter  dummy  sting  in  the  negative  lateral  direction  could  explain  both  the  large 
positive  increment  in  side  force  and  the  corresponding  large  negative  increment  in  yawing 
moment  on  MER  stations  3  and  4‘  on  the  centerline  pylon.  It  is  clear  from  the  results 
of  the  tests  using  even  the  small-diameter  sting  that  the  sting  effect  is  substantially  more 
sensitive  to  angle  of  attack  than  for  the  unstable  rack-mounted  store  configurations.  This 
observation  is  in  agreement  with  a  result  reported  by  Hill  in  Ref.  9  for  the  M-117,  a 
store  with  similar  physical  features. 

Sting-induced  increments  for  the  MK-83  mounted  on  TER  station  3  on  the  left  inboard 
pylon  are  presented  in  Fig.  41.  Far  less  effect  of  angle  of  attack  is  apparent  than  for 
the  CBU-24  on  either  the  centerline  or  outboard  pylons  (cf.  Fig.  41  with  Figs.  33  through 
40).  Domination  of  the  total  loading  by  flow  conditions  over  the  afterbody  is  again 
demonstrated  by  the  disproportionate  changes  in  pitching  and  yawing  moments  that 
correspond  to  minor  changes  in  normal  and  side  forces  (Figs.  41  e  and  f  and  a  and  b, 
respectively). 

Two  general  comments  may  be  made  with  respect  to  the  data  for  the  rack-mounted 
store  configurations.  First,  just  as  in  the  case  of  the  pylon-mounted  store  configurations. 
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the  effects  of  the  presence  of  a  sting  are  not  only  of  smaller  magnitude  but  also  less 
sensitive  to  angle  of  attack  when  Dg  <  0.5  Db.  Second,  from  the  (d)  portion  of  Figs. 
24  through  41,  it  is  clear  that  rolling  moment  is  insensitive  to  the  presence  of  a  sting. 

4.1. 2.2  Influence  of  Position  in  the  Flow  Field 

Data  were  obtained  for  the  ASP  and  CBU-24  configurations  at  identical  MER  stations 
on  both  the  centerline  and  left  outboard  pylons,  Figs.  24  through  40.  Comparing  Figs. 
24  through  27  with  Figs.  28  through  3 1 ,  respectively,  reveals  little  difference  in  the  sting 
effect  for  the  unstable  ASP  store  on  either  the  centerline  or  left  outboard  pylons  except 
for  the  pitching  and  yawing  moments.  At  the  subsonic  condition  (M_  =  0.6)  the  pitching- 
and  yawing-moment  increments  for  the  store  model  mounted  on  MER  station  4  vary 
substantially  from  the  centerline  to  the  left  outboard  pylon.  For  this  case,  however,  the 
data  for  the  basic  configuration  (without  dummy  sting)  vary  also;  hence,  deflection  of 
the  dummy  sting  is  not  indicated.  The  differences  are  considered  to  be  attributable  to 
the  different  flow  field  to  which  the  store  model  is  exposed  on  the  outboard  pylon  as 
compared  to  the  centerline  pylon. 

Comparing  Figs.  33  through  36  with  Figs.  37  through  40  for  the  stable  CBU-24 
reveals  significantly  different  results  at  the  same  MER  station  on  the  different  pylons, 
a  result  also  described  in  Ref.  9.  The  sting  effects  for  all  components  except  axial  force 
and  rolling  moment  change  significantly  in  magnitude  and/or  sign.  Recalling  corresponding 
data  for  the  pylon-mounted  store  configuration  (the  HSM),  Figs.  17  and  19,  it  is  clear 
that  the  effects  of  the  presence  of  a  sting  on  the  relatively  large  pylon-mounted  store 
model  are  not  as  dependent  on  position  in  the  flow  field  as  for  the  smaller,  rack-mounted 
store  model  (the  CBU-24).  Hence,  few  generalizations  can  be  made  concerning  the  character 
of  sting  effects  on  both  pylon-mounted  and  rack-mounted  store  configurations.  Two  general 
observations  may  be  made,  however:  (1)  throughout  the  flow  field,  the  sting  effect  on 
axial  force  is  negative  and  largely  insensitive  to  angle  of  attack  and  (2)  rolling  moment 
is  unaffected  by  the  presence  of  a  sting. 

4.1. 2.3  Influence  of  Mach  Number 

Sting  effect  increments  as  a  function  of  Mach  number  are  presented  in  Figs.  42  through 
45.  Only  data  for  zero  angle  of  attack  of  the  store  model  are  presented.  The  normal-force 
increment  tends  to  decrease  with  increasing  Mach  number  for  all  configurations  except 
the  CBU-24  (Fig.  45a).  The  flow  over  the  tapered  and  finned  afterbody  of  the  CBU-24 
is  significantly  disturbed  by  the  presence  of  a  sting.  The  largest  and  most  erratic  Mach 
number  effects  occur  with  the  largest  sting.  It  is  possible  that  local  shock  wave  systems 
cause  deflection  of  the  sting  out  of  alignment  with  the  base  of  the  store  model.  With 
the  exception  of  the  CBU-24  again,  the  sting  effect  on  side  force  is  not  a  significant 
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function  of  Mach  number  (Figs.  42b,  43b,  44b,  and  45b).  Sting  effect  increments  in  the 
pitching  and  yawing  moments  generally  decrease  with  increasing  Mach  number  for  the 
unstable  stores  (Figs.  42e  and  f,  and  43e  and  f)  but  are  quite  erratic  for  the  stable  stores 
at  transonic  Mach  numbers  (Figs.  44e  and  f  and  4Se  and  f)-  Deflections  of  the  dummy 
sting  are  suspected  in  these  cases. 

The  sting  effect  on  axial  force  generally  decreases  with  Mach  number  for  all  of  the 
rack-mounted  stores  (Figs.  42c,  43c,  44c,  and  4Sc),  regardless  of  location.  Rolling  moment 
is  uniformly  insensitive  to  the  presence  of  a  sting  at  all  Mach  numbers  (Figs.  42d,  43d, 
44d,  and  45d). 

4.2  ALTERATION  OF  THE  AFTERBODY 

In  addition  to  the  direct  effect  of  the  presence  of  a  sting,  data  accumulated  during 
tests  of  sting-mounted  models  may  include  an  indirect  effect,  the  effect  of  altering  the 
afterbody  of  the  model  to  accommodate  the  presence  of  the  sting.  Alterations  may  be 
made  in  many  ways,  but  only  two  methods  were  evaluated  in  this  study:  simple  truncation, 
and  cylindrical  shape  distortion.  Simple  truncation  of  the  afterbody  to  create  a  base 
diameter  large  enough  to  accommodate  a  sting  is  primarily  adaptable  to  unstable  store 
configurations.  Stable  configurations  are  generally  altered  by  creating,  beginning  at  the 
base  and  extending  forward,  a  circular-cylindrical  section  through  which  the  sting  is 
installed.  A  cylindrical  distortion  generally  eclipses  some  of  the  exposed  fin  area. 

In  selecting  store  configurations  for  testing,  one  example  of  each  type  of  alteration 
was  included  within  the  pylon-mounted  and  rack-mounted  categories.  In  the  pylon-mounted 
class,  the  BLU-1  was  selected  as  an  example  of  a  store  that  would  normally  be  altered 
by  simple  truncation.  Truncations  were  included  for  0.4-,  0.S-,  and  0.6-in.-diam  stings. 
In  addition,  an  altered  "equivalent"  afterbody  (both  length  and  shape  were  altered  in 
such  a  manner  as  to  maintain  the  location  of  the  center  of  pressure)  was  included  for 
the  sake  of  comparison  (Fig.  8c).  As  an  example  of  cylindrical  distortion,  the  M-1 18  was 
selected  (Fig.  8d).  Decreases  in  fin  area  of  approximately  16,  25,  and  35  percent  result 
for  afterbody  alterations  2,  3,  and  4,  respectively.  In  the  rack-mounted  category  of  store 
configuations,  the  CBU-46  configuration  was  selected  for  truncation  (Fig.  9c)  and  the 
MK-83  for  cylindrical  distortion  (Fig.  9d).  Only  two  alterations  of  the  MK-83  were  tested, 
corresponding  to  approximately  33-  and  56-percent  decreases  in  fin  area  (afterbodies  2 
and  3,  respectively). 

In  each  case,  data  are  presented  in  an  incremental  format.  Typically,  one  curve 
represents  the  difference  in  loads  between  an  altered  configuration  and  the  corresponding 
unaltered,  or  basic,  configuration.  A  second  (and  occasionally  third)  curve  represents  the 
difference  between  loads  acting  on  the  altered  model  with  a  dummy  sting  in  place  and 
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loads  acting  on  the  basic,  unaltered  model  without  a  sting.  Measurements  of  captive  loads 
were  made  with  the  models  mounted  on  only  the  left  inboard  pylon. 

4.2.1  Pylon-Mounted  Store  Configurations 

4.2.1. 1  Unstable  Configuration-Truncation 

Aerodynamic  captive  load  increments  attributable  to  alterations  of  the  unstable  BLU-1 
store  configuration  are  presented  in  Figs.  46  through  49.  For  ^1  configurations  and  Mach 
numbers,  normal  force  is  distorted  by  the  truncated  shape  but  with  little  influence  of 
angle  of  attack  in  the  range  of  -2  to  5  deg.  A  notable  exception  is  the  "equivalent" 
afterbody  (AB5),  Fig.  49a.  Not  only  does  the  value  of  the  effect  of  alteration  vary  with 
angle  of  attack,  but  the  sign  of  the  effect  changes.  The  effect  of  truncation  is  apparently 
to  decrease  the  normal  force  relatively  uniformly,  while  the  effect  of  "tailoring"  the 
afterbody  alteration  to  simulate  the  unaltered  pressure  distribution  is  to  increase  normal 
force  at  negative  angles  of  attack  and  to  decrease  normal  force  at  positive  angles  of  attack. 
Interestingly,  a  fortuitous  result  occurs  when  a  dummy  sting  is  added  to  the  truncated 
afterbody  configuration:  the  presence  of  the  sting  tends  to  compensate  for  the  truncation 
at  subsonic  conditions  (Figs.  46a,  47a,  and  48a).  It  has  been  pointed  out  by  Cahn  (Ref. 
3)  that  the  presence  of  a  sting  is  accompanied  by  an  increase  in  base  pressure.  The  data 
presented  in  Figs.  46c,  47c,  48c,  and  49c  are  consistent  with  Cahn’s  explanation.  It  is 
also  observed  by  Cahn  that  with  a  sting  in  place,  less  turning  of  the  flow  at  the  base 
is  required  than  for'  a  truncated  base  without  a  sting.  Hence,  with  a  sting  in  place  at 
subsonic  conditions,  it  is  plausible  that  little  turning  of  the  flow  at  the  base  is  required, 
and  separation  of  the  flow  from  the  afterbody  is  delayed.  Further,  from  the 
pitching-moment  increments  (Figs.  46e,  47e,  48e,  and  49e),  a  pressure  distribution  more 
nearly  like  the  unaltered  shape  is  apparently  established.  Consistently,  at  supersonic 
conditions,  the  presence  of  a  sting  has  less  compensating  effect  than  at  subsonic  conditions. 
A  decrease  in  pitching-moment  increment  with  angle  of  attack  for  all  truncations  is  evident 
but  not  for  the  AB5  alteration.  This  observation  suggests  caution  in  altering  the  shape 
of  a  boattail  afterbody  for  use  over  a  wide  range  of  angle  of  attack.  Pressure  distribution 
is  perhaps  matched  better  at  low  angles  of  attack  using  an  equivalent  shape,  but  with 
the  compensating  effect  of  a  sting,  simple  truncation  may  be  more  attractive  for  use  over 
a  wide  range  of  angle  of  attack. 

Side  force  is  negligibly  affected  by  truncation  except  for  the  largest  alteration  at 
the  higher  angles  of  attack  (Fig.  48b).  Yawing  moment  is  clearly  affected  at  all  Mach 
numbers,  with  the  sting  compensating  to  a  large  extent  except  for  the  largest  alteration 
(Figs.  46f,  47f,  48f,  and  49f).  Therefore,  pressure  distribution  is  clearly  affected  by  the 
absence  of  afterbody  surface  area.  It  is  plausible  that  severe  truncations  remove  too  much 
surface  area  to  expect  reasonable  simulation  of  unaltered  shapes.  In  the  presence  of  a 
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Sting,  less  severe  truncations  may  adequately  simulate  the  aerodynamic  characteristics  of 
unaltered  shapes.  Finally,  from  Figs.  46d,  47d,  48d,  and  49d,  rolling  moment  is  insensitive 
to  truncation. 

4.2.1 .2  Stable  Configurations-Cylindricai  Distortion 

The  effects  of  cylindrical  distortion  of  a  stable,  pylon-mounted  store  configuration 
are  presented  in  Figs.  SO  through  52.  Considering  the  reduction  in  fin  area,  a  decrease 
in  normal  force  is  understandable  (Figs.  SOa,  5 la,  and  S2a).  In  the  case  of  afterbody 
2,  the  same  compensating  effect  of  the  sting  is  observed  as  for  the  BLU-1  (cf.  Figs.  SOa 
and  46a).  For  afterbodies  3  and  4,  however,  no  compensation  is  evident,  even  with  the 
largest  sting  (Figs.  Sla  and  S2a).  The  overall  effect  of  cylindrical  distortion  is  virtually 
identical  for  the  three  alterations  considered.  Side  force  is  affected  only  at  the  higher 
angles  of  attack  for  all  three  distortions  (Figs.  SOb,  Sib,  and  S2b),  an  effect  probably 
attributable  to  the  character  of  the  flow  field  under  the  wing  of  the  parent  aircraft. 
Deflections  of  the  dummy  sting  are  not  the  cause,  since  data  for  the  altered  afterbodies 
without  dummy  stings  and  data  for  the  same  afterbodies  with  dummy  stings  agree  so 
well.  Axial  force  is  increased  as  a  result  of  alteration,  with  little  compensation  (reduction) 
when  a  dummy  sting  is  installed  (Figs.  SOc,  Sic,  and  S2c).  Rolling  moment  is  slightly 
affected  by  alteration,  but  no  separate  effect  of  the  presence  of  a  dummy  sting  is  visible 
(Figs.  SOd,  Sid,  and  S2d).  Effects  on  rolling  moment  for  sting-supported  stable  store  models 
are  therefore  clearly  attributable  to  the  alteration  of  the  afterbody  required  to  allow 
mounting  the  store  on  the  sting,  rather  than  to  the  presence  of  the  sting.  Pitching-  and 
yawing-moment  increments  indicate  the  substantial  sensitivity  of  the  pressure  distribution 
over  the  store  model  to  the  configuration  of  the  afterbody  (Figs.  SOe  and  f,  Sle  and 
f,  and  52e  and  0-  At  supersonic  conditions,  the  rather  discontinuous  character  of  the 
moment  increments  is  probably  attribufable  to  shock  systems  in  the  flow  field  of  the 
aircraft,  especially  when  the  repeatability  of  the  curve  shapes  is  considered  (separate  curves 
represent  data  acquired  on  tests  punctuated  by  stops  and  starts  of  the  flow  to  allow  changes 
of  the  stings). 

4.2.2  Rack-Mounted  Store  Configuration 
4.2.2.1  Unstable  Configuration-Truncation 

In  Figs.  53  through  57,  increments  in  captive  loads  are  presented  for  the  truncated 
CBU-46  installed  on  first  station  2,  then  station  3  of  the  TER  mounted  on  the  left  inboard 
pylon.  Within  the  resolution  of  the  tests,  there  is  virtually  no  effect  of  truncation  on 
normal  force  at  either  of  the  TER  stations  (Figs.  53a,  54a,  55a,  56a,  and  57a).  Side 
force  is  not  affected  as  a  function  of  angle  of  attack  except  at  TER  station  2  for  transonic 
conditions  (cf.  Figs.  53b  and  55b  with  Figs.  56b  and  57b).  Since  the  presence  of  a  sting 
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does  not  alter  the  shape  of  the  curve,  the  effect  is  clearly  an  interaction  of  truncated 
shape  uith  the  flow  field  and  cannot  be  identified  as  a  general  effect  for  other  store 
configurations.  Axial  force  is  affected  little  (Figs.  53c,  54c,  55c,  56c,  and  57c),  with  the 
presence  of  the  sting  again  causing  a  compensation  for  the  truncation  as  discussed  in  Section 
4.2. 1.1.  Rolling  moment  (Figs.  53d,  54d,  55d,  56d,  and  57d)  is,  for  this  unstable 
configuration,  unaffected  by  truncation.  The  characteristics  of  pitching-moment  increments 
for  the  same  truncated  shape  vary  from  TER  station  2  to  TER  station  3  (cf.  Figs.  53e 
and  56e  with  55e  and  57e),  even  though  minor.  This  observation  again  demonstrates  the 
futility  of  drawing  generalized  conclusions  from  tests  of  a  limited  number  of  configurations. 
Yawing  moment  is  affected  most  dramatically  by  truncation,  but  again,  the  effects  vary 
from  TER  station  2  to  TER  station  3  (Figs.  53f  and  55f  with  56f  and  570.  Little 
compensation  results  from  the  use  of  the  sting.  It  can  be  seen  from  study  of  the  force 
and  corresponding  moment  curves  that  the  truncations  result  in  measurable  changes  in 
forces  but  apparently  little  in  pressure  distribution.  This  observation  is  slightly  different 
from  that  for  the  BLU-1,  perhaps  because  of  the  contoured  design  of  the  afterbody  of 
the  BLU-1. 

4.2.2.2  Stable  Configuration-Cylindrical  Distortion 

The  effects  of  cylindrical  distortion  on  a  stable,  rack-mounted  store  are  presented 
in  Figs.  58  and  59.  In  this  case,  two  different  afterbody  alterations  were  tested  on  only 
TER  station  3  on  the  left  inboard  pylon.  The  normal-force  effects  (Figs.  58a  and  59a) 
vary  substantially  with  angle  of  attack,  with  almost  no  compensation  resulting  from  the 
use  of  a  sting;  hence,  the  effects  are  clearly  associated  with  alteration  of  the  afterbody. 
The  decreasing  effect  at  high  angles  of  attack  indicate  separation,  since  little  difference 
is  evident  between  different  degrees  of  alteration.  Side  force  (Figs.  58b  and  59b)  is  affected 
little  at  subsonic  conditions,  but  the  effect  changes  strongly  with  angle  of  attack  in  the 
low-to-medium  range  at  transonic  conditions.  Axial  force  (Figs.  58c  and  59c)  is  affected 
far  more  for  AB3  than  for  AB2,  indicating  again  the  unique  character  of  the  loading 
of  specific  shapes  in  specific  flow  fields.  Rolling  moment  (Figs.  58d  and  59d)  is  affected, 
as  in  the  case  of  the  pylon-mounted  M-118  (Section  4.2. 1.2),  but  not  as  a  function  of 
the  presence  of  a  sting;  hence,  the  effect  is  a  function  of  distortion  of  the  fin  area,  especially 
since  the  fins  are  canted  2  deg  in  pitch  (Fig.  9d).  The  effects  on  pitching  moment  are 
virtually  identical  for  the  two  alterations  (Figs.  58e  and  59e).  A  change  in  pressure 
distribution  is  definitely  indicated  by  the  large  changes  that  result  from  relatively  small 
changes  in  normal  force  at  corresponding  angles  of  attack.  Yawing  moment  is  affected 
in  a  completely  different  manner  for  the  two  alterations  (Figs.  58f  and  59f).  Again,  no 
generalizations  can  be  made.  The  characteristics  of  a  ^ven  afterbody  alteration  apparently 
determine  both  the  value  and  sign  of  the  affected  yawing  moment.  Throughout,  excellent 
repeatability  of  the  data  curves  from  run  to  run,  after  sting  changes,  indicates  both 
credibility  and  lack  of  generality. 
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5.0  CONCLUSIONS 

The  influences  of  sting  support  techniques  on  aerodynamic  loads  acting  on  eight 
captive  stores  in  the  flow  field  of  the  F-4C  aircraft  were  investigated  in  a  wind  tunnel 
test  covering  an  angle  of  attack  range  of  -4  to  12  deg  and  a  Mach  number  range  of  0.6 
to  1.2.  Specific  conclusions  that  have  been  drawn  from  an  analysis  of  the  data  are: 

1.  The  presence  of  a  sting  influences  pitching  and  yawing  moments  acting 
on  the  store  model  more  than  the  other  load  components,  both  as  a  function 
of  angle  of  attack  and  position  in  the  flow  field. 

2.  The  effects  of  the  presence  of  a  sting  generally  decrease  with  increasing 
Mach  number.  (A  notable  exception  was  the  CBU-24  model  mounted  on 
MER  stations  1,  2,  or  3  on  the  outboard  pylon.  Sting  effects  for  these 
cases  varied  erratically  with  both  angle  of  attack  and  Mach  number.) 

3.  In  both  subsonic  and  transonic  flow  fields,  the  presence  of  a  sting  apparently 
affects  the  pressure  distribution  over  the  after  portion  of  a  store  in  such 
a  manner  that  disproportionately  large  changes  in  aerodynamic  moments 
occur  with  small  changes  in  aerodynamic  forces.  In  subsonic  flow,  the 
presence  of  a  sting  is  probably  communicated  through  adjustments  in  the 
flow  in  the  base  region.  At  transonic  conditions,  communication  is  likely 
through  shock  boundary-layer  interaction. 

4.  The  presence  of  a  sting  generally  affects  captive  store  loads  acting  on  stable 
store  models  more  than  corresponding  loads  acting  on  unstable  store  models. 

5.  For  both  stable  and  unstable  pylon-mounted  and  rack-mounted  store 
configurations,  rolling  moment  is  essentially  insensitive  to  the  presence  of 
a  sting. 

6.  Altering  the  shape  of  a  contoured  afterbody  on  an  unstable  store  can  result 
in  a  conflguration  that  has  aerodynamic  characteristics  virtually  identical 
to  the  unaltered  configuration  over  a  given  range  of  angle  of  attack. 
However,  it  is  also  possible  to  gain  acceptable  aerodynamic  characteristics 
over  a  wide  range  of  angle  of  attack  through  simple  truncation  of  the 
afterbody  and  installation  of  a  sting. 
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7.  Cylindrical  distortion  of  the  afterbody  of  a  stable  store  configuration  affects 
normal  and  side  forces  as  well  as  pitching  and  yawing  moments  through 
the  resulting  decrease  in  exposed  fin  area.  In  addition,  rolling  moment  is 
affected,  an  effect  that  is  totally  negligible  when  simply  adding  a  sting  to 
an  unaltered  stable  store  configuration. 

8.  Rolling  moment  acting  on  an  unstable  store  configuration  is  unaffected  by 
simple  truncation  of  the  afterbody,  either  with  or  without  the  presence 
of  a  sting. 
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Figure  1.  Two  methods  of  supporting  a  store  in  the  captive  position  in  wind  tunnel  tests. 
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Figure  2.  Schematic  illustration  of  the  captive  trajectory  system 
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Figure  3.  Schematic  illustration  of  a  typical  model  installation  in  Tunnel  4T. 
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SECTION  A-A  (TYP) 


ALL  DIMENSIONS  IN  INCHES 

b.  Triple  ejection  rack,  model  TER-9A 
Figure  5.  Details  of  die  models  of  the  multiple  and  triple  ejector  racks. 
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BL  4.075 


Figure  7.  Details  of  the  models  of  the  F-4C  pylons. 
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a.  Black  Crow  (modified  SUU-16/23) 


ALL  DIMENSIONS  IN  INCHES 

b.  Hard  Structure  Munition 
Figure  8.  Dimensions  of  pylon-mounted  store  models. 
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ALL  DIMENSIONS  IN  INCHES 

c.  BLU-1  bomb 
Figure  8.  Continued. 


37 


4’- 57'— I 


6.278 


d.  M-118ba 
Figure  8.  Cone 
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0.800  OIAM 


a.  ASP 


^0.800  01 AM 
0.437  DIAM 


ALL  DIMENSIONS  IN  INCHES 
b.  SUU-30B/B  (CBU-24) 

Figure  9.  Dimensions  of  rack-mounted  store  models. 
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ALL  DIMENSIONS  IN  INCHES 

c.  CBU-46  (SUU-7)  launcher  pod 
Figure  9.  Continued. 
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ALL  DIMENSIONS  IN  INCHES 

d.  MK-83  bomb 
Figure  9.  Concluded. 
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Figure  10.  Typical  installation  of  an  internal  balance-supporting  bracket. 


a.  For  pylon-mounted  stores 


b.  For  rack-mounted  stores 
Figure  11.  Details  of  the  dummy  stings. 
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Figure  12.  Sketch  of  the  dummy  sting  support  system. 


b.  Dummy  sting  installation 

Figure  13.  Comparison  of  dummy  sting  and  active  sting  installations. 
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BLACK  CROM.  C-L  PTLON 
□  WITH  OUHKT  STING.  Ps-  0.36i|  tU 

A  nITH  OUKNT  sting.  Os-  O.ASS  Dm 

O  WITH  DUNNT  STING.  0.545  0^ 


a.  Normal-force  increment 

Figure  14.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle  of  attack, 
unstable  pylon-mounted  store,  C-L  pylon. 
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BLf»CK  CROW,  C-L  PTLON 
□  HITH  OUKIMT  STING.  D,-  0.3611  0^ 

A  WITH  DUMMY  STING.  O,-  0.i|55  Og 

O  WITH  DUMMY  STING.  D,»  O.SilS  0^ 
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BLRCK  CROH,  C-L  PTLON 
□  WITH  DUMMY  STING.  D,-  0.36N  D^ 

A  HITH  dummy  sting.  0,-  O.NSS  DL 

O  HITH  DUMMY  STING.  D,-  O.SMS  D^ 


d.  Rolling-moment  increment 
Figure  14.  Continued. 
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BLPCK  CROW.  C-L  PTLON 
□  WITH  DUHHT  STING.  Ds-  0.364  Ob 

A  HITH  DUMMY  STING.  O5-  0.4S5  Ob 

0  HITH  DUMMY  STING.  0,-  D.S45  Db 
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f.  Yawing-moment  increment 
Figure  14.  Concluded. 
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BLACK  CROW 


□  0.36 

A  0.45 

O  0.55 


a.  Normal -force  increment 

Figure  15.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angie  of  attack, 
unstable  pylon-mounted  stores,  LIB  pylon. 
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f.  Yawing-moment  increment 
Figure  15.  Concluded. 
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BLACK  CRON.  LOB  PYLON 
□  HITH  DUMMY  STING,  O,-  0.36<4  0^ 

A  HITH  DUMMY  STING.  D,-  D.H5S  Ob 

O  HITH  DUMMT  STING.  D,-  D.StlS  Og 


a.  Normal-force  increment 

Figure  16.  Sting-induced  aerodynamic  load  increments  as  a  function  of  an^e 
of  attack,  unstable  pylon-mounted  store,  LOB  pylon. 
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SLRCK  CROM.  LOB  PTLON 
□  MITH  OUHHT  STING.  0,-  0.36i|  0^ 

A  WITH  OUHHT  STING.  Os-  O.NSS  0^ 

O  WITH  OUHHT  STING.  Oj-  0.545  0^ 
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b.  Side-force  increment 

Figure  16.  Continued. 
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BLRCK  CROM.  LOB  PTLON 
Q  HITH  DUmr  STING.  0,-  0.364  0^ 

A  WITH  OUMNT  STING.  Dj-  0.4SS  0^ 

O  HITH  OUMHT  STING.  D,-  0.S4S  0^ 
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d.  Rolling-moment  increment 
Figure  16.  Continued. 
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HSM.  C-L  PTLON 

□  WITH  DUHMT  STING,  D,-  Dg 
A  WITH  DUMMT  sting.  Dj-  0.555  0^ 
O  WITH  DUMMY  STING.  Dj  -  0.667  0^ 


a.  Normal-force  increment 

Figure  17.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  stable  pylon-mounted  store,  C-L  pylon. 
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HSM.  C-L  PTLON 

HITH  DUMMY  STING.  0,-  O.Nilil  0^ 
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b.  Side-force  increment 
Figure  17.  Continued. 
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HSM.  C-L  PTLON 

□  MITH  DUMMY  STING.  0,-  O.lim  D^ 

A  WITH  DUMMY  STING.  D^-  D.5S5 

O  NITH  DUMMY  STING.  D^-  D.667  D^ 


d.  Rolling-moment  increment 
Figure  17.  Continued. 
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MSM,  C-L  PYLON 

□  HITH  DUMMY  ST  INC.  0,>  O.MKg  OL 
A  HITH  dummy  sting.  Ok-  O.SSS  (V 
0  WITH  DUMMY  STING.  0.667  0, 


f.  Yawing-moment  increment 
Figure  17.  Concluded. 
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HSM  Ds/Db  M-iie  AFTERBODY  Ds/Dg 

O  0.44  V  2  0.64 
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^  0.67  X  4  0.49 


a.  Normal-force  increment 

Figure  18.  Sting-mduced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  stable  pylon-mounted  stores,  LIB  pylon. 
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HSH.  LOB  PTLON 

□  MITH  OUMHr  STING.  Oj-  O.MNN  OL 
A  WITH  DUMMT  STING.  Dj-  0.555  OL 
O  WITH  DUMMY  STING.  Dj-  0.667  0^ 
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a.  Normal-force  increment 

Figure  19.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  stable  pylon-mounted  store,  LOB  pylon. 
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HSM.  LOB  PYLON 

□  WITH  DUMMY  STING.  0$-  0.444  0^ 

A  WITH  DUMMY  STING.  0$-  0.555 

O  HITH  DUMMY  STING.  0}-  0.667  0^ 


b.  Side-force  increment 
Figure  19.  Continued. 
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HSH.  LOB  PTLON 

□  MITH  OUHHY  STING.  0^-  0.I1II4  CL 
A  HITH  OUHHT  sting.  0,-  0.5SS  IV 
O  MITH  DUMMY  STING.  0)>  0.667  0^ 


d.  Rolling-moinent  increment 
Figure  19.  Continued. 


e.  Pitching-moment  incretr 
Figure  19.  Continued. 
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HSH,  LOB  PYLON 
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O  HITH  dummy  sting.  Dj-  0.667 
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f.  Yawing-moment  increment 
Figure  19.  Concluded. 
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a.  Normal-force  increment 

Figure  20.  Sting-induced  aerodynamic  load  increments  at  zero  angle  of 
attack  as  a  function  of  pylon  position,  unstable  stores. 


82 


AEOC-TR-76-1 


BLACK  CROW  8LU  -  I 


Os.  in. 

Dr/Db 

AFTERBODY 

D|, 

in.  D|/D| 

0.4 

0.36 

• 

2 

0.4  0.82 

0.5 

0.4S 

k 

3 

0.68 

0.6 

0.55 

• 

4 

0.58 

W 

5 

0.80 

0.9  I 

T  1 

r  1 

t  u 

1.2 

1  T 1 

f  < 

^  Ij 

-0.35  -0.57  -1.0 

2Y/b 


b.  Side-force  increment 
Figure  20.  Continued. 


AEDC-TR-76-1 


BLACK  CROW  BLU -  I 


0  -0.35  -0.57  -1.0 

2Y/b 


d.  Rolling-moment  increment 
Figure  20.  Continued. 
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f.  Yawing-moment  increment 
Figure  20.  Concluded. 
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a.  Normal-force  increment 

Figure  21.  Sting-induced  aerodynamic  load  increments  at  zero  angle  of 

attack  as  a  function  of  pylon  position,  stable  pylon-mounted  stores. 
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b.  Side-force  increment 
Figure  21.  Continued. 
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c.  Axial-force  increment 
Figure  21 .  Continued. 
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f.  Yawing-moment  increment 
Figure  21.  Concluded. 
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c.  Axial-force  increment 
Figure  22.  Continued. 
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e.  Pitching-moment  increment 
Figure  22.  Continued. 
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Figure  22.  Concluded. 
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b.  Side-force  increment 
Figure  24.  Continued. 
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e.  Pitching-moment  incren 
Figure  24.  Continued. 
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a.  Normal-force  increment 

Figure  25.  Sting-induced  aerodynamic  load  increments  as  a  function  of  an^e  of 
attack,  unstable  rack-mounted  store,  MER  station  2,  C-L  pylon. 
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f.  Yawing-moment  increment 
Figure  25.  Concluded. 
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Figure  26.  Sting-induced  aerodynamic  load  increments  as  a  'hinction  of  angle  of 
attack,  unstable  rack-mounted  store,  MER  station  3,  C-L  pylon. 
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a.  Normal-force  increment 

Figure  27.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle  of 
attack,  unstable  rack-mounted  store,  MER  station  4,  C-L  pylon. 
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b.  Side-force  increment 
Figure  27.  Continued. 
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a.  Normal-force  increment 

Figure  28.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle  of 
attack,  unstable  rack-mounted  store,  MER  station  1,  LOB  pylon. 
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Figure  29.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle  of 
attack,  unstable  rack-mounted  store,  MER  station  2,  LOB  pylon. 
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b.  Side-force  increment 
Figure  29.  Continued. 
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f.  Yawing-moment  increment 
Figure  29.  Concluded. 
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Figure  30.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  unstable  rack  mounted  store,  MER  station  3,  LOB  pylon. 
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Figure  31 .  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  unstable  rack-mounted  store,  MER  station  4,  LOB  pylon. 
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a.  Normal-force  increment 

Figure  32.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 

of  attack,  unstable  rack-mounted  store,  TER  stations  2  and  3,  LIB  pylon. 
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e.  Pitching-moment  increment 
Figure  32.  Continued. 
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a.  Normal-force  increment 

Figure  33.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  stable  rack-mounted  store,  MER  station  1,  C-L  pylon. 
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c.  Axial-force  increment 
Figure  33.  Continued. 
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d.  Rolling-moment  increment 
Figure  33.  Continued. 
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c.  Axial-force  increment 
Figure  34.  Continued. 
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d.  Rolling-moment  increment 
Figure  34.  Continued. 
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b.  Side-force  increment 
Figure  35.  Continued. 
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Figure  35.  Concluded. 
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Figure  36.  Sting-induced  aerodynamic  load  increments  aa  a  function  of  angle 
of  attack,  stable  rack-mounted  store,  MER  station  4,  C-L  pylon. 
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Figure  37.  Sting-induced  aerodynamic  load  increments  as  a  function  of  angle 
of  attack,  stable  rack-mounted  store,  MER  station  1,  LOB  pylon. 
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e.  Pitching-moment  increment 
Figure  37.  Continued. 
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f.  Yawing-moment  increment 
Figure  37.  Concluded. 
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b.  Side-force  increment 
Figure  38.  Continued. 
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Figure  38.  Concluded. 
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Rolling-moment  increment 
Figure  39.  Continued. 
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Figure  39.  Continued. 
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Figure  40.  Sting-induced  aerodyanmic  load  increments  as  a  function  of  angle 
of  attack,  stable  rack-mounted  store,  MER  station  4,  LOB  pylon. 
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Figure  40.  Concluded. 
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d.  Rolling-moment  increment 
Figure  41.  Continued. 
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Figure  42.  Sting-induced  aarodynemic  load  increments  as  a  function  of  Mach 
number,  umtaMe  rack-mounted  store,  C-L  and  LQB  pylon. 
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Figure  42.  Continued. 
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Figure  42.  Continued. 
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d.  Rolling-moment  increment 
Figure  42.  Continued. 
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e.  Pitching-moment  increment 
Figure  42.  Continued. 
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f.  Yawing-moment  increment 

Figure  42.  Concluded. 
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Figure  43.  Sting-induced  aerodynamic  load  increments  as  a  function  of  Mach 
number,  unstable  rack-mounted  store,  LIB  pylon. 
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d.  Rolling-moment  increment 
Figure  43.  Continued. 
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f.  Yawing-moment  increment 
Figure  43.  Concluded. 


225 


226 


AEDC-TR-76-1 


CBU-» 

□  C-L  PTLON.  HITH  DUMMY  STING.  a,>O.S7  IL 

^  C-L  PYLON,  HITH  DUMMY  STING.  O^'O.TN  OL 

O  C-L  PTLON.  HITH  DUMMT  STING.  O^'O.K  0, 

X  LOB  PTLON.  HITH  DUMHT  STING.  Ok >0.57  CL 

»  LOB  PYLON,  HITH  DUMMY  STING,  [l,*0.92  C^ 


HEH-2 


HEB-3 


MER-H 


a.  Normal-force  increment 

Figure  45.  Sting-induced  aerodynamic  load  increments  as  a  function  of  Mach 
number,  stable  rack-mounted  store,  C-L  and  LOB  pylon. 


227 


AEOC-TR-76-1 


E)  C-L  PTLON.  WITH  OUHHT  STING,  0,*O.S7  0^ 
A  C-L  PTLON.  KITH  DUHHT  STING.  0|>0.7l| 

O  C-L  PTLON,  MITH  OUHHT  STING.  Ot'O.Oe 
»  LOB  PTLON,  NITH  OUHHT  STING.  Oi>O.S7 
»  LOB  PTLON.  NITH  DUMT  STING,  0,>0.92 


HER- 1 


HER-2 


HER-3 


TCR-H 


b.  Side-force  increment 
Figure  45.  Continued. 
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c.  Axial-force  increment 
Figure  45.  Continued. 
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A  C-L  PTLON.  HITH  OumT  STtNC.  Ok'O.TH  CL 
9  C-L  PTLON.  HITH  DUMHT  STING.  [L«0.92  CL 
X  LOB  PTLON,  HITH  OUWT  STING.  Ok >0.57  CL 
h  LOB  PTLON.  HITH  OUHNT  STING.  D,>0.g2  cf 
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BLU-1,  LIB  PTLON,  RB  EFFECT 
□  RB  2  ONLT 

X  RB  2  kith  OUHNT  sting.  Of  0.82  0^ 


a.  Normal-force  increment 

Figure  46.  Aerodynamic  ioad  increments  attributable  to  truncation  of  the 
afterb^y  of  an  unstable  pylon-mounted  store,  BLU-1  store 
with  AB2,  LIB  pylon. 
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Pitching-moment  increment 
Figure  46.  Continued. 
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BLU-1.  LIB  PYLON,  RB  EFFECT 
A  RB  3  ONLY 

V  RB  3  HIYH  OUHHY  STING.  Dj-  0.6B  0^ 
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a.  Normal-force  incrament 

Figure  47.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  unstable  pylon-mounted  store,  BLU-1  store  with 
AB3,  LIB  pylon. 
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Rolling-moment  increment 
Figure  47.  Continued. 
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0LU-I,  LIB  PTLON.  flB  EFFECT 
<1  PB  4  ONLY 

>  PB  14  HITH  DUHMT  STING,  Dj-  0.56  0, 

*  PB  U  MITH  OUHMT  STING,  Oj-  0.B7  0, 


a.  Normat-foroe  increment 

Figure  48.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  unstable  pylon-mounted  store,  BLU-1  store  with 
AB4,  LIB  pylon. 


245 


AEDC-TR-76-1 


AEDC-TR-76-1 


AEDC-TR-76-1 


BLU-I.  LIB  PYLON,  flB  EFFECT 
Z  RB  5  ONLY 

M  RB  5  NITH  DUMMY  STING.  Oj-  O.BO  Ob 


a.  Normal-force  increment 

Figure  49.  Aerodynamic  load  increments  attributable  to  reshaping  the  afterbody 

of  an  unstable  pylon-mounted  store,  BLU-1  store  with  AB5,  LIB  pylon. 
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BLU-1.  LIB  PYLON.  RB  EFFEi 
RB  5  ONLY 

RB  5  HITH  DUMMY  STING.  0$ 
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M-!18,  LIB  PTLON.  flB  EFFECT 
□  RB  2  ONLY 

K  RB  2  NITH  DUMMY  STING,  Of  0.64  D^ 


M.sO.6 


0.8 


0.9 


1.1 


1.2 


a.  Normal-force  increment 

Figure  50.  Aerodynamic  load  increments  attributable  to  cylindrical  distortion 
of  the  afterbody  of  a  stable  pylon-mounted  store,  M-118  store 
with  A62,  LIB  pylon. 
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H-I18.  LIB  PTLOM.  HB  EFFECT 
RB  3  ONLT 

RB  3  NITH  dummy  STING.  0^-  0.S6  0^ 


a.  Normal-force  increment 

Figure  51.  Aerodynamic  load  increments  attributable  to  cylindrical  distortion 
of  the  afterbody  of  a  stable  pylon-mounted  store,  M-118  store 
with  AB3,  LIB  pylon. 
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M-IIB.  LIB  PYLON.  RB  EFFECT 
4  RB  4  ONLY 

>  RB  4  HITH  OUNHT  sting.  0^«  0.49 

♦  RB  4  HITH  DUMMY  STING.  0^-  0.74  0^ 


ft  *0.6 


0.8 


0.9 


l.I 


1.2 


a.  Normal-force  increment 

Figure  52.  Aerodynamic  load  increments  attributable  to  cylindrical  distortion 
of  the  afterbody  of  a  stable  pylon-mounted  store,  M-118  store 
with  AB4,  LIB  pylon. 
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c.  Axial-force  increment 
Figure  52.  Continued. 
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H-lie.  LIB  PTLOM,  ra  EFfECT 
4  PB  11  ONLY 

>  PB  U  WITH  DUMMY  STINC.  (U«  0.i|9  OL 

4  PB  4  HIYH  DUMMY  STING,  D,-  0.74  0^ 
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f.  Yawing-moment  increment 
Figure  53.  Concluded. 
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CBU-146.  LIB  PYLON.  TER-2.  RB  EFFECT 
RB  2  ONLY 

RB  2  HITH  DUMMY  STING.  O9*  0.76  0^ 
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a.  Normal-force  increment 

Figure  53.  Aerodynamic  load  increments'attributable  to  truncation  of  the 
afterb^y  of  an  unstable  rack-mounted  store,  CBU-46  with  AB2, 
TER  station  2,  LIB  pylon. 
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CBU-46.  LIS  PTLON,  TER-2. 
RB  2  ONLY 

RB  2  WITH  DUMMY  STING.  O5 
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e.  Pitching-moment  increment 
Figure  53.  Continued. 
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CBU-«I6.  LIB  PTLON.  TER^2,  flB  EFFECT 
A  flB  3  ONLY 

▼  fl8  3  WITH  DUMMY  STING.  Os-  0.62  0^ 


a.  Normal-force  increment 

Figure  54.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  an  unstable  rack-mounted  store,  CBU-46  with  AB3, 
TER  station  2,  LIB  pylon. 
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CBU-46.  LIB  PYLON.  TER-2.  PB  EFFECT 
<1  PB  ^  ONLY 

0  PB  M  HITH  DUMMY  STING.  Os«  0.52  Og 
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a.  Normal-force  increment 

Figure  55.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  an  unstable  rack-mounted  store,  CBU-46  with  AB4, 
TER  station  2,  LIB  pylon. 
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CBU-46.  LIB  PYLON.  TER-3.  R0  EFFECT 
flB  2  ONLY 

RB  2  WITH  DUMMY  STING.  D,*  0.76  Db 
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a.  Normal-force  increment 

Figure  56.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  an  unsbible  rack-mounted  store,  CBU-46  with  AB2, 
TER  station  3.  LIB  pylon. 
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CBU-«i6.  LIB  PYLON.  TEB-3.  flB  EFFECT 
flB  y  ONLY 

nB  U  HITH  DUMMY  STING.  O5-  0.52  0^ 
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a.  Normal-force  increment 

Figure  57.  Aerodynamic  load  increments  attributable  to  truncation  of  the 
afterbody  of  an  unstable  rack-mounted  store,  CBU-46  with  AB4, 
TER  station  3,  LIB  pylon. 
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MK  83,  LIB  PTLON,  TER-3,  PB  EFFECT 
□  PB  2  ONLY 

X  RB  2  WITH  DUMMY  STING,  Ds-  0.53  0^ 
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a.  Normal-force  increment 

Figure  58.  Aerodynamic  load  increments  attributable  to  cylindrical 

distortion  of  the  afterbody  of  a  stable  rack-mounted  store, 
MK-83  with  AB2,  TER  station  3,  LIB  pylon. 
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MK  83,  LIB  PTLON,  TER-3.  flB  EFFECT 
RB  3  ONLY 

RB  3  HITH  DUMMY  STING.  O5-  O.VO  Og 
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a.  Normal-force  increment 

Figure  59.  Aerodynamic  load  increments  attributable  to  cylindrical 

distortion  of  the  afterbody  of  a  stable  rack-mounted  store, 
MK-83  with  AB3,  TER  station  3,  LIB  pylon. 
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Table  1.  Miscellaneous  Dimensions  of  Store  Models 
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Table  1.  Concluded. 


*  Forward  30-in.  suspension  point 
**  Forward  14-in.  suspension  point 
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Table  2.  Uncertainty  Intervals  in  Force  and  Moment  Coefficients  for  Store  Models 


store 

Ho 

e(CN) 

€(Cy) 

€(Ca) 

€(C^) 

G(C„) 

e(Cn) 

BLACK  CROW 

0.6 

±0.017 

±0.047 

±0.023 

±0.035 

±0.030 

±0.039 

0.8 

0.014 

0.018 

0.028 

0.039 

0.031 

0.9 

0.013 

0.035 

0.017 

0.026 

0.036 

0.028 

1.1 

0.011 

0.031 

0.015 

0.023 

0.031 

0.025 

1.2 

0.011 

0.030 

0.014 

0.022 

0.030 

0.024 

HSM 

0.6 

±0.028 

±0.072 

±0.034 

±0.064 

±0.091 

±0.080 

0.8 

0.057 

0.027 

0.052 

0.072 

0,063 

0.9 

0.053 

0.025 

0.048 

0.066 

0.058 

1.1 

0.018 

0.047 

0.022 

0.042 

0.058 

0.051 

1.2 

0.017 

0.045 

0.021 

0.041 

0.056 

0.050 

BLU-1 

0.6 

±0.024 

±0.066 

±0.031 

±0.058 

±0.080 

±0.088 

0.019 

0.053 

0.025 

0.047 

0.064 

0.071 

0.9 

0.018 

0.049 

0.023 

0.043 

0.060 

0.065 

1.1 

0.016 

0.043 

0.020 

0.038 

0.053 

0.058 

1.2 

0.015 

0.041 

0.019 

0.037 

0.051 

0.056 

H-118 

0.6 

±0.015 

±0.040 

±0.019 

±0 . 027 

±0.037 

±0 . 030 

0.8 

0.012 

0.031 

0.015 

0.021 

0.030 

0.023 

0.9 

0.011 

0.029 

0.014 

0.020 

0.027 

0.022 

D 

0.009 

0.026 

0.012 

0.017 

0.024 

0.019 

IB 

0.009 

0.025 

0,012 

0.017 

0.023 

0.018 
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Table  2.  Concluded 


store 

Ho 

e  (Cjj) 

€  (Cy) 

e(CA) 

e(Ci) 

€{Cn) 

ASP 

0.6 

±0.022 

±0.017 

±0.032 

±0.016 

±0.030 

±0.025 

0.9 

0.016 

0.013 

0.024 

0.012 

0.022 

0.018 

1.1 

0.015 

0.012 

0.022 

0.011 

0.020 

0.016 

1.2 

0.014 

0.011 

0.021 

0.010 

0.019 

0.016 

CBU-24 

0.6 

±0.020 

±0.018 

±0.032 

±0.016 

±0.031 

±0.026 

0.9 

0.016 

0.013 

0.024 

0.012 

0.023 

0.019 

1.1 

0.015 

0.012 

0.022 

0.011 

0.021 

0.017 

1.2 

0.014 

0.011 

0.021 

0.010 

0.020 

0.016 

CBU-46 

0.6 

±0.023 

±0.019 

±0.034 

±0.017 

±0 . 032 

±0.031 

0.9 

0.017 

0.014 

0.025 

0.013 

0.023 

0.022 

1.1 

0.015 

0.012 

0.022 

0.011 

0.021 

0.019 

1.2 

0.015 

0.012 

0.022 

0.011 

0.020 

0.018 

MK-83 

0.6 

±0.026 

±0.025 

±0.025 

±0.029 

±0.041 

±0.037 

0.9 

0.020 

0.019 

0.019 

0.021 

0.030 

0.027 

1.1 

0.018 

0.017 

0.017 

0.019 

0.027 

0.02  5 

1.2 

0.017 

0.016 

0.016 

0.018 

0.026 

0.024 

0 
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APPENDIX  A 

EFFECTS  OF  DUMMY  STING  MISALIGNMENT 

As  an  adjunct  to  the  scheduled  tests,  the  effects  of  sting  misalignment  were  briefly 
investigated.  One  configuration,  the  BLU-1  with  afterbody  5,  was  installed  on  the  left 
inboard  pylon  with  intentional  misalignment  n't  the  dummy  sting.  The  sting  was  installed 
with  a  vertical  misalignment  with  respect  to  the  centerline  of  the  store  model  in  a 
compensating  sense,  i.e.,  toward  the  aircraft  model.  At  the  higher  angles  of  attack  during 
the  subsequent  identical  repeat  run  of  an  earlier  condition,  the  dummy  sting  deflected 
away  from  the  aircraft  model  and  into  alignment  with  the  store  model.  The  resulting 
data  are  presented  in  Figs.  A- la  through  f. 

Although  normal  force  was  negligibly  affected  at  all  Mach  numbers,  pitching  moment 
was  strongly  affected,  especially  for  Mach  numbers  0.8  and  above  (Figs.  A-la  and  A-le). 
A  small  change  in  normal  force  acting  at  a  large  distance  from  the  moment  reference 
center  could  cause  such  a  combination  of  effects.  It  is  conceivable  that  subsonically,  a 
stagnation  point  is  established  at  the  exposed,  blunt  face  of  the  deflected  sting,  causing 
an  increase  in  pressure  over  the  lower  aft  portion  of  the  store.  Furthermore,  since  the 
sting  deflection  is  dependent  on  the  dynamic  pressure  of  the  flow,  the  effects  of 
misalignment  must  be  a  function  of  Mach  number.  (The  small  effect  on  pitching  moment 
at  M^  =  0.6  is  consistent  with  this  hypothesis.)  Supersonically,  it  is  probable  that  a  shock 
forms  about  the  protruding  sting,  producing,  through  interactions  with  the  boundary  layer, 
an  increased  pressure  over  the  lower  aft  portion  of  the  store  model.  Clearly,  at  any  Mach 
number,  an  increase  in  pressure  over  the  extreme  downstream  portion  of  the  store  model 
could,  even  though  relatively  small,  create  a  disproportionately  larger  negative  pitching 
moment.  Lateral  misalignment  of  the  sting  was  not  intentionally  set,  and  side  force  and 
yawing  moment  correspondingly  reflect  only  small  effects  (Figs.  A- lb  and  A-10- 
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BLU-1.  fflS.  LIB  PYLON 

M/DUMMY  STING,  Dj-  0.80  C^.  INITIALLY  OFFSET 
H/OUMHY  STING.  Oj-  0.80  0^.  INITIALLY  ALIGNED 
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b.  Side-force  imrement 
Figure  A-1.  Continued. 


AEDC-TR-76-1 


BLU-1.  RBS.  LIB  PTLON 

3  M/OUMNT  STING.  Dj-  O.BO  Ob.  INITIALLY  OFFSET 

R  H/OUmr  STING.  0)-  0.80  Ob,  INITIALLY  ALIGNED 
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d.  Rolling-moment  increment 
Figure  A-1.  Continued. 
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NOMENCLATURE 


AB  Afterbody 

BL  Aircraft  buttock  line,  measured  from  the  plane  of  symmetry,  in.,  model 

scale 

b  Aircraft  wing  span,  in.,  model  scale 

C-L  Centerline 

Axial-force  coefficient  for  a  store,  axial  force/q_S 

C£  Rolling-moment  coefficient  for  a  store  (referenced  to  the  axis  of  symmetry 

of  the  store),  rolling  moment/q^SD 

Cm  Ktching-moment  coefficient  for  a  store  (referenced  to  the  center  of  gravity 

of  the  store),  pitching  moment/q^SD 

Cn  Normal-force  coefficient  for  a  store,  normal  force/q^S 

Cn  Yawing-moment  coefficient  for  a  store  (referenced  to  the  center  of  gravity 

of  the  store),  yawing  moment/q_SD 

Cy  Side-force  coefficient  for  a  store,  side  force/q_S 

D  Maximum  diameter  of  a  store,  ft,  full  scale 

Db  Diameter  of  the  base  of  a  store,  in.,  model  scale 

Ds  Diameter  of  a  sting,  in. 

FS  Aircraft  fuselage  station,  in.,  model  scale 

LIB  Left  inboard 

LOB  Left  outboard 

Lj  Length  of  the  constant-diameter  portion  of  a  sting,  measured  from  the  base 

of  a  store  to  the  upstream  extent  of  the  variable-diameter  portion  of  the 
sting,  in. 

Free-stream  static  pressure,  psfa 

p..  Free-stream  static  pressure,  psfa 
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Pt  Free-stream  total  pressure,  psfa 

Free-stream  dynamic  pressure,  0.7  pJAJ,  psf 
S  Reference  area  of  a  store  model,  7rD2/4,  ft^ 


WL 

Xcg 


Xfl 

Y 

Ot 

AC* 


e(Cx) 


Aircraft  waterline,  measured  from  the  aircraft  horizontal  reference  plane, 
in.,  model  scale 

Location  of  the  center  of  gravity  of  a  store,  measured  from  the  nose  of 
the  store,  in. 

Location  of  the  forward  suspension  point  of  a  store,  measured  from  the 
nose  of  the  store,  in. 

Spanwise  station,  measured  from  the  plane  of  symmetry  of  the  aircraft, 
in.,  model  scale 

Angle  of  attack  of  a  store  relative  to  the  free-stream  velocity  vector,  deg 

Increment  in  a  force  or  moment  coefficient  attributable  to  an  effect, 
(coefficient  with  effect)  -  (coefficient  without  effect) 

Uncertainty  interval  of  a  force  or  moment  coefficient 
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